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Description 

[0001] The present invention relates to a lithographic 
projection apparatus comprising: 

a radiation system for supplying a projection beam 
of radiation; 

a support structure for supporting patterning 
means, the patterning means serving to pattern the 
projection beam according to a desired pattern; 
a substrate table for holding a substrate; and 
a projection system for projecting the patterned 
beam onto a target portion of the substrate. 

[0002] The term "patterning means" as here em- 
ployed should be broadly Interpreted as referring to 
means that can be used to endow an incoming radiation 
beam with a patterned cross-section, corresponding to 
a pattern that is to be created in a target portion of the 
substrate; the term "light valve" can also be used in this 
context. Generally, the said pattern will correspond to a 
particular functional layer in a device being created in 
the target portion, such as an integrated circuit or other 
device (see below). Examples of such patterning means 
include: 

A mask. The concept of a mask is well known in 
lithography, and it includes mask types such as bi- 
nary, alternating phase-shift, and attenuated 
phase-shift, as well as various hybrid mask types. 
Placement of such a mask in the radiation beam 
causes selective transmission (in the case of a 
transmissive mask) or reflection (in the case of a 
reflective mask) of the radiation impinging on the 
mask, according to the pattern on the mask. In the 
case of a mask, the support structure will generally 
be a mask table, which ensures that the mask can 
be held at a desired position in the incoming radia- 
tion beam, and that it can be moved relative to the 
beam If so desired. 

A programmable mirror array. One example of such 
a device is a matrix-addressable surface having a 
viscoelastic control layer and a reflective surface. 
The basic principle behind such an apparatus is that 
(for example) addressed areas of the reflective sur- 
face reflect incident light as diffracted light, whereas 
unaddressed areas reflect incident light as undif- 
fracted light. Using an appropriate filter, the said un- 
diffracted light can be filtered out of the reflected 
beam, leaving only the diffracted light behind; in this 
manner, the beam becomes patterned according to 
the addressing pattern of the matrix-adressable 
surface. An alternative embodiment of a program- 
mable mirror array employs a matrix arrangement 
of tiny mirrors, each of which can be individually tilt- 
ed about an axis by applying a suitable localized 
electric field, or by employing piezoelectric actua- 
tion means. Once again, the mirrors are matrix-ad- 
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dressable, such that addressed mirrors will reflect 
an incoming radiation beam in a different direction 
to unaddressed mirrors; in this manner, the reflect- 
ed beam is patterned according to the addressing 
pattern of the matrix-adressable mirrors. The re- 
quired matrix addressing can be performed using 
suitable electronic means. In both of the situations 
described hereabove, the patterning means can 
comprise one or more programmable mirror arrays. 
More information on mirror arrays as here referred 
to can be gleaned, for example, from United States 
Patents US 5,296,891 and US 5,523,193, and PCT 
patent applications WO 98/38597 and WO 
98/33096, which are incorporated herein by refer- 
ence. In the case of a programmable mirror array, 
the said support structure may be embodied as a 
frame or table, for example, which may be fixed or 
movable as required. 

A programmable LCD array. An example of such a 
construction is given in United States Patent US 
5,229,872, which is incorporated herein by refer- 
ence. As above, the support structure in this case 
may be embodied as a frame or table, for example, 
which may be fixed or movable as required. 



For purposes of simplicity, the rest of this text may, at 
certain locations, specifically direct itself to examples in- 
volving a mask and mask table; however, the general 
principles discussed in such instances should be seen 
30 in the broader context of the patterning means as here- 
above set forth. 

[0003] Lithographic projection apparatus can be 
used, for example, in the manufacture of integrated cir- 
cuits (ICs). In such a case, the patterning means may 
35 generate a circuit pattern corresponding to an individual 
layer of the IC, and this pattern can be imaged onto a 
target portion (e.g. comprising one or more dies) on a 
substrate (silicon wafer) that has been coated with a lay- 
er of radiation-sensitive material (resist). In general, a 
40 single wafer will contain a whole network of adjacent tar- 
get portions that are successively Irradiated via the pro- 
jection system, one at a time. In current apparatus, em- 
ploying patterning by a mask on a mask table, a distinc- 
tion can be made between two different types of ma- 
45 chine. In one type of lithographic projection apparatus, 
each target portion is irradiated by exposing the entire 
mask pattern onto the target portion in one go; such an 
apparatus is commonly referred to as a wafer stepper. 
In an alternative apparatus — commonly referred to as 
50 a step-and-scan apparatus — each target portion is ir- 
radiated by progressively scanning the mask pattern un- 
der the projection beam in a given reference direction 
(the "scanning" direction) while synchronously scanning 
the substrate table parallel or anti-parallel to this direc- 
ts tion; since, in general, the projection system will have a 
magnification factor M (generally < 1), the speed V at 
which the substrate table is scanned will be a factor M 
times that at which the mask table is scanned. More in- 
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formation with regard to lithographic devices as here de- 
scribed can be gleaned, for example, from US 
6,046,792, incorporated herein by reference. 
[0004] In a manufacturing process using a lithograph- 
ic projection apparatus, a pattern (e.g. in a mask) is im- 
aged onto a substrate that is at least partially covered 
by a layer of radiation-sensitive material (resist). Prior 
to this imaging step, the substrate may undergo various 
procedures, such as priming, resist coating and a soft 
bake. After exposure, the substrate may be subjected 
to other procedures, such as a post-exposure bake 
(PEB), development, a hard bake and measurement/in- 
spection of the imaged features. This array of proce- 
dures is used as a basis to pattern an individual layer of 
a device, e.g. an IC. Such a patterned layer may then 
undergo various processes such as etching, ion-implan- 
tation (doping), metallization, oxidation, chemo-me- 
chanical polishing, etc.. all intended to finish off an indi- 
vidual layer. If several layers are required, then the 
whole procedure, or a variant thereof, will have to be 
repeated for each new layer. Eventually, an array of de- 
vices will be present on the substrate (wafer). These de- 
vices are then separated from one another by a tech- 
nique such as dicing or sawing, whence the Individual 
devices can be mounted on a carrier, connected to pins, 
etc. Further information regarding such processes can 
be obtained, for example, from the book "Microchip Fab- 
rication: A Practical Guide to Semiconductor Process- 
ing", Third Edition, by Peter van Zant, McGraw Hill Pub- 
lishing Co., 1997, ISBN 0-07-067250-4, incorporated 
herein by reference. 

[0005] For the sake of simplicity, the projection sys- 
tem may hereinafter be referred to as the "lens"; how- 
ever, this term should be broadly interpreted as encom- 
passing various types of projection system, including re- 
fractive optics, reflective optics, and catadioptric sys- 
tems, for example. The radiation system may also in- 
clude components operating according to any of these 
design types for directing, shaping or controlling the pro- 
jection beam of radiation, and such components may 
also be referred to below, collectively or singularly, as a 
"lens". Further, the lithographic apparatus may be of a 
type having two or more substrate tables (and/or two or 
more mask tables). In such "multiple stage" devices the 
additional tables may be used in parallel, or preparatory 
steps may be carried out on one or more tables while 
one or more other tables are being used for exposures. 
Twin stage lithographic apparatus are described, for ex- 
ample, in US 5,969,441 and WO 98/40791 , incorporat- 
ed herein by reference. 

[0006] In a lithographic apparatus the size of features 
that can be imaged onto the substrate is limited by the 
wavelength of the projection radiation. To produce Inte- 
grated circuits with a higher density of devices, and 
hence higher operating speeds, it is desirable to be able 
to image smaller features. Whilst most current litho- 
graphic projection apparatus employ ultraviolet light 
generated by mercury lamps or excimer lasers, it has 



been proposed to use shorter wavelength radiation of 
around 13nm. Such radiation is termed extreme ultravi- 
olet (EUV) or soft x-ray and possible sources include, 
for instance, laser-produced plasma sources, discharge 
5 plasma sources, or synchrotron radiation from electron 
storage rings. 

[0007] In a typical discharge plasma source, a plasma 
is formed by an electrical discharge. The plasma may 
then be caused to compress so that it becomes highly 

10 Ionized and reaches a very high temperature, causing 
the emission of EUV radiation. The material used to pro- 
duce the EUV radiation is typically xenon or lithium va- 
por, although other gases such as krypton or tin or water 
vapor may also be used. However, these gases may 

15 have a relatively high absorption of radiation within the 
EUV range or be damaging to optics further downstream 
of the projection beam and their presence must there- 
fore be minimized in the remainder of the lithographic 
apparatus. A discharge plasma source is disclosed, for 

20 instance, in US 5,023,897 and US 5,504,795. incorpo- 
rated herein by reference. 

[0008] In a laser-produced plasma source a jet of, for 
instance, (clustered) xenon may be ejected from a noz- 
zle. At some distance from the nozzle, the jet is irradi- 

25 ated with a laser pulse of a suitable wavelength for cre- 
ating a plasma that subsequently will Irradiate EUV ra- 
diation. Other materials, such as water droplets, ice par- 
ticles, lithium or tin vapor, etc. may also be ejected from 
a nozzle and be used for EUV generation. In an alter- 

30 native laser-produced plasma source an extended solid 
(or liquid) material Is irradiated to create a plasma for 
EUV radiation. Laser-produced plasma sources are, for 
instance, disclosed in US 5,459,771 , US 4,872,1 89 and 
US 5,577,092, incorporated herein by reference. 

35 [0009] A common feature of the above sources is that 
their operation induces a background pressure of some 
source gas or gasses (also including vapors) in or near 
the source region. Source gasses comprise those gas- 
ses or vapors of which a plasma is to be created for EUV 

"^0 generation, but also gasses or vapors produced during 
source operation by, for instance, laser irradiation of a 
solid or liquid material. The source gasses should be 
confined to the source region since they may be a cause 
of substantial absorption of EUV radiation or be a cause 

45 of contamination and damage in the remainder of the 
lithographic apparatus. 

[0010] Systems employing projection radiation hav- 
ing a higher wavelength than EUV radiation typically 
separate gases present in the source from the remain- 

50 der of the system using transparent windows. These 
windows block the movement of the gases from the 
source but allow the projection beam to pass through. 
However, no material has yet been proposed which is 
sufficiently transparent to EUV radiation to allow the use 

55 of transparent windows with EUV projection beams. An 
alternative system, which has been used to contain gas- 
es within the source area of an EUV apparatus, is an 
argon counterflow. An example of this type of system is 
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described in US 5,023,897. In apparatus of this type, 
argon Is pumped into the source in a direction which is 
counter to the direction of the radiation beam. This sys- 
tem attempts to drive the gases in the source away from 
the evacuated parts of the lithographic apparatus. How- 
ever, this system may generate turbulence within the 
source, which causes problems to the operation of the 
apparatus. Further, the contamination of the gas present 
in the source by argon can be problematic. Xenon, a 
typical gas for use in a plasma source, is expensive and 
is therefore preferably recycled. However, it is difficult 
to regenerate xenon from a mixture of gases. Xenon's 
contamination with argon in such a counterflow device 
therefore significantly adds to the cost of the recycling 
step. 

[0011] It is an object of the present invention to pro- 
vide a lithographic apparatus which is suitable for use 
with a discharge or laser-produced plasma source of ex- 
treme ultraviolet radiation and which restricts the gases 
in or near the source from entering further parts of the 
apparatus. 

[0012] This and other objects according to the inven- 
tion are achieved in a lithographic apparatus as speci- 
fied in the opening paragraph, characterized by 

a plasma source for producing a beam of extreme 
ultraviolet radiation, which plasma source is a part 
of said radiation system; 

a first space containing (i) said plasma source and 
(ii) source gas from said plasma source; and 
a second space separated from said first space by 
a wall containing a beam aperture, said second 
space containing a buffer gas which is different from 
said source gas; 

wherein the pressure in said second space is less than 
or approximately equal to the pressure in said first space 
and wherein said projection beam passes through said 
first and second spaces. 

[0013] The presence of the buffer gas in the second 
space impedes the movement of the source gas into the 
second space. Furthermore, any source gas entering 
the second space may be effectively pumped away to- 
gether with buffer gas that is typically continuously re- 
freshed. Thus, the apparatus of the present invention 
enables the gases from a plasma source to be substan- 
tially contained within a particular space and to be re- 
stricted from entering the remainder of the apparatus. 
The transmission of the projection beam through the ap- 
paratus may thus be increased and any contamination 
or damage to optics further downstream may be pre- 
vented. The invention does not require the use of a 
transparent window or counterflow system and thus 
avoids the problems associated with the prior art meth- 
ods described above. In particular, movement of buffer 
gas Into the space containing the source is prevented. 
Therefore, the gases used in the source remain sub- 
stantially pure and can be regenerated for re-use rela- 



tively cheaply. 

[0014] According to a further aspect of the invention 
there is provided a device manufacturing method com- 
prising the steps of: 

5 

providing a substrate that is at least partially cov- 
ered by a layer of radiation-sensitive material; 
providing a projection beam of radiation using a ra- 
diation system; 
10 - using patterning means to endow the projection 
beam with a pattern in its cross-section; 
projecting the patterned beam of radiation onto a 
target portion of the layer of radiation -sensitive ma- 
terial, 

15 

characterized by 

using a plasma source, which is a part of said radi- 
ation system, to provide said projection beam, 
20 wherein said projection beam comprises extreme 
ultraviolet radiation; 

providing a first space containing said plasma 
source and additionally containing a source gas 
from said plasma source; and 
25 - providing a buffer gas, which Is different from said 
source gas, to a second space, such that the pres- 
sure in said second space is less than or approxi- 
mately equal to the pressure in said first space; 
wherein said second space is separated from said 
30 first space by a wall containing a beam aperture; 
and wherein said projection beam passes through 
said first and second spaces. 

[0015] Although specific reference may be made in 

35 this text to the use of the apparatus according to the 
invention in the manufacture of ICs, it should be explic- 
itly understood that such an apparatus has many other 
possible applications. For example, it may be employed 
in the manufacture of integrated optical systems, guid- 

40 ance and detection patterns for magnetic domain mem- 
ories, liquid-crystal display panels, thin-film magnetic 
heads, etc. The skilled artisan will appreciate that, in the 
context of such alternative applications, any use of the 
terms "reticle", "wafer" or "die" in this text should be con- 

45 sidered as being replaced by the more general terms 
"mask", "substrate" and "target portion", respectively. 
[0016] In the present document, the terms "radiation" 
and "beam" are used to encompass all types of electro- 
magnetic radiation, including ultraviolet radiation (e.g. 

50 with a wavelength of 365, 248, 1 93, 1 57 or 1 26 nm) and 
extreme ultra-violet (EUV) radiation (e.g. having a wave- 
length in the range 5-20 nm), as well as particle beams, 
such as ion beams or electron beams. 
[0017] Embodiments of the invention will now be de- 

55 scribed, by way of example only, with reference to the 
accompanying schematic drawings in which: 

Figure 1 depicts a lithographic projection apparatus 
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according to an embodiment of the invention; 
Figure 2 schematically depicts a preferred embod- 
iment of the invention; and 

Figure 3 depicts an extreme ultra-violet radiation 
source which is suitable for use with the present in- 
vention. 

[0018] In the Figures, corresponding reference sym- 
bols indicate corresponding parts. 

Embodiment 1 

[0019] Figure 1 schematically depicts a lithographic 
projection apparatus according to a particular embodi- 
ment of the invention. The apparatus comprises: 

a radiation system Ex, IL, for supplying a projection 
beam PB of radiation (e.^. EUV radiation), which in 
this particular case also comprises a radiation 
source LA; 

a first object table (mask table) MT provided with a 
mask holder for holding a mask MA (e.g. a reticle), 
and connected to first positioning means PM for ac- 
curately positioning the mask with respect to item 
PL; 

a second object table (substrate table) WT provided 
with a substrate holder for holding a substrate W (e. 
g. a resist-coated silicon wafer), and connected to 
second positioning means PM for accurately posi- 
tioning the substrate with respect to item PL; 
a projection system ("lens") PL for imaging an irra- 
diated portion of the mask MA onto a target portion 
C (e.g. comprising one or more dies) of the sub- 
strate W. 

As here depicted, the apparatus is of a reflective type 
{i.e. has a reflective mask). However, in general, it may 
also be of a transmissive type, for example (with a trans- 
missive mask). Alternatively, the apparatus may employ 
another kind of patterning means, such as a program- 
mable mirror array of a type as referred to above. 
[0020] The source LA (e.g. a discharge plasma 
source or a laser-produced plasma source) produces a 
beam of radiation. This beam is fed into an illumination 
system (illuminator) IL, either directly or after having tra- 
versed conditioning means, such as a beam expander 
Ex, for example. The illuminator IL may comprise ad- 
justing means AM for setting the outer and/or inner ra- 
dial extent (commonly referred to as c-outer and a-in- 
ner, respectively) of the intensity distribution in the 
beam. In addition, it will generally comprise various oth- 
er components, such as an integrator IN and a condens- 
er CO. In this way, the beam PB impinging on the mask 
MA has a desired uniformity and intensity distribution in 
its cross-section. 

[0021] It should be noted with regard to Figure 1 that 
the source LA may be within the housing of the litho- 
graphic projection apparatus (as is often the case when 



the source LA is a mercury lamp, for example), but that 
it may also be remote from the lithographic projection 
apparatus, the radiation beam which it produces being 
led into the apparatus (e.g. with the aid of suitable di- 
5 recting mirrors); this latter scenario is often the case 
when the source LA is an excimer laser. The current in- 
vention and Claims encompass both of these scenarios. 
[0022] The beam PB subsequently intercepts the 
mask MA, which is held on a mask table MT. Having 
"10 been selectively reflected by the mask MA, the beam 
PB passes through the lens PL, which focuses the beam 
PB onto a target portion C of the substrate W. With the 
aid of the second positioning means (and interferometric 
measuring means IF), the substrate table WT can be 
15 moved accurately, e.g. so as to position different target 
portions C in the path of the beam PB. Similarly, the first 
positioning means can be used to accurately position 
the mask MA with respect to the path of the beam PB. 
e.g. after mechanical retrieval of the mask MA from a 
20 mask library, or during a scan. In general, movement of 
the object tables MT, WT will be realized with the aid of 
a long-stroke module (course positioning) and a short- 
stroke module (fine positioning), which are not explicitly 
depicted in Figure 1 . However, in the case of a wafer 
25 stepper (as opposed to a step-and-scan apparatus) the 
mask table MT may just be connected to a short stroke 
actuator, or may be fixed. 

[0023] The depicted apparatus can be used in two dif- 
ferent modes: 

30 

1 . In step mode, the mask table MT is kept essen- 
tially stationary, and an entire mask image is pro- 
jected in one go (ie. a single "flash") onto a target 
portion C. The substrate table WT is then shifted in 

35 the X and/or y directions so that a different target 
portion C can be irradiated by the beam PB; 

2. In scan mode, essentially the same scenario ap- 
plies, except that a given target portion C is not ex- 
posed in a single "flash". Instead, the mask table 

40 MT is movable in a given direction (the so-called 
"scan direction", e.g. the y direction) with a speed 
V, so that the projection beam PB is caused to scan 
over a mask image; concurrently, the substrate ta- 
ble WT is simultaneously moved in the same or op- 
45 posite direction at a speed \/= /Wv, in which M is the 
magnification of the lens PL (typically, M= 1/4 or 
1/5). In this manner, a relatively large target portion 
C can be exposed, without having to compromise 
on resolution. 

50 

[0024] An embodiment of the present invention is de- 
picted schematically in Figure 2. In this embodiment, the 
source LA, which is a plasma source for producing ex- 
treme ultraviolet radiation (e.g. having a wavelength in 
55 the range of from 5 to 20 nm, especially from 9 to 1 6nm) 
is contained within a first space, or source zone. 1 1 . The 
source LA is preferably a discharge or laser-produced 
plasma source for producing EUV radiation. Any such 
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plasma source may be used in combination with the 
present invention, for example the discharge plasma 
sources described in European patent applications EP 
01 305671 .8 [P-01 91 ] and EP 0031 1 1 77.0 [P-01 62] and 
those disclosed in the US references referred to earlier. 
[0025] The source zone is separated from a second 
space, or buffer zone, 1 2, for example, by a wall 2, which 
contains an orifice through which EUV radiation can 
pass and gases can escape. The projection beam PB 
passes from source LA through the orifice and thence 
through the buffer zone. It is particularly preferred that 
the orifice in the wall separating the source zone and 
the buffer zone is the source orifice, or is immediately 
adjacent to the source orifice. An example of a source 
for use with the present invention is depicted in Figure 
3 and is described further below with reference to Em- 
bodiment 2. 

[0026] The source zone contains a source gas, se- 
lected for its efficient generation of EUV radiation when 
brought into a plasma state by laser irradiation or an 
electrical discharge. Examples of such gases are xe- 
non, krypton, lithium vapor, tin vapor and water vapor. 
The source gas is desirably prevented or restricted from 
entering the part of the apparatus through which the pro- 
jection beam passes, so that transmission of the projec- 
tion beam through the apparatus can be maximized, or 
contamination and damage of optics further down- 
stream of the projection beam can be prevented. 
[0027] The buffer zone contains a buffer gas, which 
is a gaseous system preferably having a low absorption 
of radiation at the wavelength of the projection beam, i. 
e. a low EUV absorption. Examples of such gases are 
argon, helium, nitrogen and hydrogen. The buffer gas 
may contain one or a mixture of these gases. 
[0028] The pressure of the buffer gas in the buffer 
zone is chosen to be less than or approximately equal 
to the pressure of the source gas in the source zone. 
This ensures that substantially no flow of buffer gas into 
the source zone occurs and that the source gas remains 
substantially pure. In contrast, a moderate flow or some 
diffusion of source gas from the source zone to the buff- 
er zone is tolerated so that the buffer zone may contain 
a mixture of buffer gas and source gas. Where the 
source zone contains a discharge plasma source, this 
feature is particularly important since the presence of 
gases such as argon, nitrogen, helium and hydrogen In 
the source can be problematic. By adjustment of the 
pressure and temperature in the buffer zone, the gas 
flow through the source orifice can be controlled. Typi- 
cally, the pressure of the buffer gas is of the same order 
of magnitude as the source gas, suitable pressures for 
both gaseous systems being in the region of O.lmbar, 
for example from 0.05 to 0.15mbar. 
[0029] The apparatus may be equipped with a supply 

3 for supplying buffer gas to the buffer zone and a pump 

4 for removing gas from the buffer zone. Pump 4 pref- 
erably removes gas in a direction which is substantially 
perpendicular to the direction of the projection beam. 



Gas present in the buffer zone can in this way be re- 
freshed. This may be achieved by selective removal of 
the source gas from the mixture of source gas and buffer 
gas. For example, a cryopump using a cold-spot at the 
5 liquid nitrogen temperature may be used to selectively 
remove xenon from a mixture of xenon and helium or 
argon. This Is possible since xenon is solid at the boiling 
point of liquid nitrogen, whilst both helium and argon are 
gaseous. Generally, all gasses in zone 12 will be 
^0 pumped away and fresh buffer gas supplied by supply 
3. However, pump 4 may also be dispensed with. 
[0030] Typically, the buffer zone 1 2 will be adjacent to 
a third substantially evacuated zone 13. Typically, the 
zone 1 3 comprises the illumination system or other parts 
15 of the apparatus through which the projection beam 
passes and is evacuated to ensure maximum transmis- 
sion of the projection beam. A differential pumping sys- 
tem is required in order to retain the vacuum in zone 1 3 
whilst retaining a low pressure of buffer gas in the buffer 
zone. 

[0031] The movement of gas through the zones may 
be described as follows and is depicted In Figure 2: the 
gas is pumped from the buffer zone into zone 1 3 through 
a restricted opening in wall 5 resulting in gas flow Qf. 
Pump 4 removes gas from the buffer zone at a rate Sp, 
resulting in a gas outflow SpP, wherein p is the pressure 
in the buffer zone. Fresh buffer gas is supplied to the 
buffer zone by supply 3 causing a gas in-flow Qg. A fur- 
ther movement of gas occurs due to the source gas flow- 
ing out of the source zone or, when the source and buffer 
zones are at approximately equal pressures, diffusing 
out of the source zone. This is defined as gas flow Qg- 
[0032] The gas flows Qf and SpP both contain a frac- 
tion e of source gas. Flow Qg is assumed to comprise 
only source gas. Assuming a constant pressure in the 
buffer zone, the particle balance for the source gas can 
be defined as follows: 

Qs^O.SpP + e.Qf (1) 

The expression for the flow through the restricted open- 
ing in wall 5 is: 

Qs 

^/.Source -^Of^ ^-5 (2) 

It is clear from this expression that the amount of source 
gas in the gas flow Qf decreases with increasing refresh- 
ment rate of the buffer gas. Thus, the presence of the 
buffer gas impedes the source gas from exiting the 
source and substantially reduces the amount of source 
gas which enters the buffer chamber and therefore the 
remainder of the system. 

[0033] In one embodiment of the invention, additional 
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source gas is added close to the source orifice in order 
to restrict the flow of buffer gas into the source. For ex- 
ample, the source described by Bergmann et al (App\. 
Optics 38, 5413 (1999)) may be used to achieve this. 
This source has a conical orifice, which may be contin- 
uously filled and refreshed with source gas. The diffu- 
sional flux of buffer gas into the source may thus be re- 
duced to a negligible level. Preferably, the additional 
flow of source gas caused by this embodiment should 
be of the same order of magnitude as the diffusional mix- 
ing of buffer and source gases at the source orifice. 

Embodiment 2 

[0034] A second embodiment of the invention, which 
may be the same as the first embodiment except as de- 
scribed below, is depicted in Figure 3. Figure 3 depicts 
a Z-pinch plasma discharge source comprising a cylin- 
drical source zone 11 . EUV radiation is produced within 
the source zone and emitted via a source orifice defined 
by flange 226, into buffer zone 12 which is the space 
outside the source zone 11 . 

[0035] In this embodiment, a first source gas is inject- 
ed into the source zone from source 225 and pre-ion- 
ized. This gas is chosen for its ability to generate a high- 
temperature plasma. A voltage is applied between an- 
nular anode 222 and annular cathode 221 from voltage 
source 224, thus generating a pinch volume 229 at high 
temperature and pressure. A further source gas, which 
is chosen for its efficiency in emitting EUV radiation, may 
be injected into the pinch volume from source 227. The 
source gases within the pinch volume are compressed 
and heated to emit an EUV projection beam PB which 
exits the source zone via the orifice into buffer zone 12. 
[0036] Buffer gas is supplied to buffer zone 1 2 in order 
to reduce the effect of source gas exiting source zone 
11 through the orifice, as described above in Embodi- 
ment 1 . 

Example 

[0037] The following very simplified example calcu- 
lates the fraction of source gas which enters the vacuum 
system of a lithography apparatus using the buffer sys- 
tem of the present invention. 

[0038] The apparatus used is that schematically de- 
picted in Figure 2. The zone 11 is a discharge plasma 
source, for example that depicted in Figure 3. containing 
xenon as the source gas. The source comprises a 
source orifice defined by a flange, for example a flange 
226 as depicted in Figure 3 or a conical 20mm thick 
flange. The buffer zone 12 contains argon at a pressure 
of 0. 1 mbar and a temperature of 400K. The pressure in 
the source zone 11 is slightly higher than this. The zone 
13 is evacuated. The mean free path of xenon atoms in 
argon is in the order of 1mm for an argon temperature 
of 400K. This length, and the size of the source orifice, 
is small enough to ensure that the mixing of xenon and 



argon at the source orifice is diffusional. 

[0039] The gas flow due to diffusional flux can be writ' 

ten as 



Q, = /cr5(^.D,,.^«=lcr5d2.D,2.^^ (3) 
^ 4 ^2 9x 4 12 Ax 

where k is Boltzmann's constant, T is the gas (xenon) 

10 temperature. D^2 's the diffusion coefficient of the xe- 
non-argon mixture, d is the diameter of the source orifice 
and n^e is the xenon density. The derivative can be ap- 
proximated by the difference in the xenon density An^Q 
over the length Ax. The diffusion coefficient D^2 ^or a 

15 mixture of xenon and argon at a pressure of 0.1 mbar 
and a temperature of 400K is 2x1 0^ cm^/s. For the den- 
sity gradient, we assume the xenon density to decrease 
to approximately zero over the length equal to the thick- 
ness of the source orifice flange. The resulting diffuslon- 

20 al 'flow' Qg through the source orifice is 0.02 mbar.l/s. 
This flow is almost an order of magnitude lower than the 
flow through the orifice when the source is directly con- 
nected to the vacuum system (which would be 0.23 
mbar.l/s). Qf is assumed to be equal to 10 mbar.l/s and 

25 Sp is taken as 1 00 l/s. Thus, using expression (2) above, 
the xenon fraction of the flow Qf is 0.01 mbar.l/s. The 
xenon pressure in the buffer zone is 1x10"^ mbar. For a 
7cm optical path, the EUV transmission will increase 
from 0.73 to 0.90. 

30 [0040] Whilst specific embodiments of the invention 
have been described above, it will be appreciated that 
the Invention may be practiced otherwise than as de- 
scribed. The description is not intended to limit the in- 
vention. 

35 

Claims 



1. A lithographic projection apparatus comprising: 

40 

a radiation system for providing a projection 
beam of radiation; 

a support structure for supporting patterning 
means, the patterning means serving to pattern 
45 the projection beam according to a desired pat- 

tern; 

a substrate table for holding a substrate; 

a projection system for projecting the patterned 

beam onto a target portion of the substrate, 

50 

characterized by 

a plasma source for producing a beam of ex- 
treme ultraviolet radiation, which plasma 
55 source is a part of said radiation system; 

a first space containing (i) said plasma source 
and (ii) source gas from said plasma source; 
and 
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a second space separated from said first space 
by a wall containing a beam aperture, said sec- 
ond space containing a buffer gas which is dif- 
ferent from said source gas; 

wherein the pressure in said second space is less 
than or approximately equal to the pressure in said 
first space and wherein said projection beam pass- 
es through said first and second spaces. 

2. An apparatus according to claim 1 , wherein said 
source gas comprises xenon, lithium vapor, tin va- 
por, krypton or water vapor. 



first space; wherein said second space is sep- 
arated from said first space by a wall containing 
a beam aperture; and wherein said projection 
beam passes through said first and second 
spaces. 



3. An apparatus according to any one of the preceding is 
claims, wherein said buffer gas is one or a mixture 

of gases selected from argon, nitrogen, helium and 
hydrogen. 

4. An apparatus according to any one of the preceding 20 
claims, which further comprises means to supply 
said buffer gas to said second space. 

5. An apparatus according to any one of the preceding 
claims, which further comprises means to remove 25 
gas from said second space. 

6. An apparatus according to any one of the preceding 
claims, wherein the support structure comprises a 
mask table for holding a mask. 30 

7. A device manufacturing method comprising the 
steps of: 



providing a substrate that is at least partially 35 
covered by a layer of radiation-sensitive mate- 
rial; 

providing a projection beam of radiation using 

a radiation system; 

using patterning means to endow the projection 40 
beam with a pattern in its cross-section; 
projecting the patterned beam of radiation onto 
a target portion of the layer of radiation-sensi- 
tive material, 

45 

characterized by 



using a plasma source, which is a part of said 

radiation system, to provide said projection 

beam, wherein said projection beam comprises 50 

extreme ultraviolet radiation; 

providing a first space containing said plasma 

source and additionally containing a source gas 

from said plasma source; and 

providing a buffer gas which is different from ss 

said source gas to a second space, such that 

the pressure in said second space is less than 

or approximately equal to the pressure in said 
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